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What is claimed: 

In a scanned probe microscope apparatus having a 
aita a scanning head arranged for operative engagement 
of a surface of a sample for measuring a surface topography 
thereof , the improvement comprising: 

a. said probe having a hardness greater than a sample 
to be tested; 

a force sensor operatively located to measure the 
force between said sample and said probe , said 
force sensor having an output signal, wherein said 
force senior includes , 

i. a pair\of capacitive transducers , each 
transducer including a separate drive 
plate, the first of said drive plates 
having a h\le centrally disposed 
therethrough^ and a shared pickup plate, 
said pickup plate positioned between 
said separate drive plates and separated 
from each drive plate by an insulating 
spacer, said drive plates having spaced 
opposing conductive, surfaces when said 
pickup plate is mounted therebetween, 
said pickup plate further including a 
conductive central plati^ suspended by 
spring means between sai& drive plates, 
wherein said central platey is capable of 
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\ deflection between the 

conductive surfaces of each of 

said drive plates; and 
ii. means for transmitting force from a 

point \emote from said central plate to 

said central portion; and 
c. means for measuring the output signal of said 

force sensor andVitilizing said output signal to 
control a verticalNjnovement of said piezo actuated 
head to maintain a cbnstant force on a sample as 
said surface topography is measured. 

2 . The apparatus of claim \ , wherein said scanning 
head has a piezo actuated head havrng said probe mounted 
thereon and said force sensor is mounted on a fixed base. 

3. The apparatus of claim 1, wherein said probe is 
mounted on said force sensor and said sample is mounted on 
said scanning head. 

pr The apparatus of claim 1, wherein said probe is 

ifiounted\on said sensor and said sensor is further mounted on 

said scanning head for operatively engaging said sample on a 

fixed surface^ 

Jet. The apparatus of claim 1, wherein said probe is 
A 

mounted on a fixed surface, and said sample is mounted on 
said force sensor, which is mounted on a scanning head for 
operative engagement with said probe. 




*he-appaxaLari oL claim— — furt h or eraupiis i^*g~-meaixs. 
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^f^r applying a downward force to said probe , wherein said 

force^sfinsor measures said force and said means for 

measuring the output signal of said force sensor converts 

said output sign^ during an indentation test. 
<Q 

The apparatus of claim 1, wherein said probe 
comprises a diamond tip. 

The apparatus of claim 1, wherein said spaced 
Opposing conch^ctive surfaces of said drive plates each have 
a generally rectangular metalized pattern disposed centrally 
thereon with an unmetaiized perimeter , said metalized 
patterns coincidentally aligned. 

y4. The apparatus of claim^", further comprising an 
unmetalized portion on the opposing conductive surface of 
said second drive plate approximating the size and shape of 
said ^}°l e ^ n said first drive plate and aligned therewith. 

JXO. The apparatus of claim 1, wherein said pickup 
plate includes an etched metal layer supported by a 
suspension system defined by a pattern of slits cut through 
said etched metal layer. 

XL. The apparatus of claim 1, wherein said means for 
transmitting force includes a non-conductive stem passing 
through said centrally disposed hole in said first drive 
plate and in contact with the surface of said pick-up plate 
approximately at a center point of said pick-up plate. 

)M. The apparatus of claim l f wherein said means for 
transmitting force includes a non-conductive pedestal , said 
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pedestal having a stem portion passing through said 
centrally disposed hole in said first drive plate and in 
contact with the surface of said pick-up plate approximately 
at a center point of said central plate , wherein said 
pedestal transmits a force applied to said pedestal to said 
central plate with resulting deflection of said central 
plate as it is suspended. 



of a surf< 



In a scanned probe microscope apparatus having a 
a scanning head arranged for operative engagement 
race of a sample for measuring a surface topography 
thereof, theVimprovement comprising: 

saidxjDrobe having a hardness greater than a sample 
to be tested; 

a force sensor operatively located to measure the 
force betweeiv said sample and said probe , said 
force sensor having an output signal , wherein said 
force sensor includes , 

i. a first substra\e layer having a metalized 
inner and a metalrzed outer surface , said 
metalized outer surface defining a first 
exterior surface of saxd sensor element and 
said metalized inner surface including a 
first plate of a first variable capacitor , 
said first plate further having a hole 
centrally disposed therethrough p 

ii. a second substrate layer including\an 
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insulating layer , said second substrate layer 
having an open central portion , said second 
substrate layer further having a first and 
second surface , said first surface mounted in 
planar\contact with said inner surface of 
said first substrate layer; 

iii. a third substrate layer having a first and 
second surface, said first surface mounted in 
planar contact with said second surface of 
said second substrate layer, said third 
substrate layer made from a conducting 
material and having a central plate which is 
suspended by spring means; 

iv. a fourth substrat^ layer including an 
insulating layer, said fourth substrate 
having an open central portion, said fourth 
substrate layer further having a first and 
second surface, said f^rst surface mounted in 
planar contact with saim second surface of 
said third substrate layeV; 

v. a fifth substrate layer havdng a metalized 
inner and a metalized outer Tsurface, said 
metalized outer surface defining a second 
exterior surface of said sensoA element and 
said metalized inner surface forming a first 
plate of a second variable capacitor, said 
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pinner surface of said fifth substrate mounted 
planar contact with said second surface of 
said fourth substrate; and 
vi. meanSv for transmitting force from a 

point remote from said central plate to 
said central plate; and 
means for measuring the output signal of said 
force sensor and litilizing said output signal to 
control a vertical movement of said piezo actuated 
head to maintain a constant force on a sample as 
said surface topography is measured. 

14. The apparatus of claim 13, wherein said scanning 
head has a piezo actuated head having said probe mounted 
thereon and said force sensor is mounted on a fixed base. 

15. The apparatus of claim 13, wherein said probe is 
mounted on said force sensor and said sample is mounted on 
said scanning head. 

The apparatus of claim 13, wherein said probe is 



mounted\pn said sensor and said sensor is further mounted on 
said scanning head for operatively engaging said sample on a 
fixed sur facte. 

17. The apparatus of claim 13, wherein said probe is 
mounted on a fixed surface, and said sample is mounted on 
said force sensor, which is mounted on a scanning head for 
operative engagement with said probe. 
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gleans for applying a downward force to said probe, wherein 
said ro^ce sensor measures said force and said means for 
measuring the^-euitput signal of said force sensor converts 
said output signal dining an indentation test. 

19. The apparatus of claim 13, wherein said probe 
comprises a diamond tip. 

20. The apparatus of claim 13 , wherein the inner 
surfaces of said first and said fifth substrate layer each 
have a generally rectangular metalized pattern disposed 
centrally thereon with an unmetalized perimeter, said 
metalized patterns being coincidentally aligned as mounted. 

21. The apparatus of claim 20, further comprising an 
unmetalized portion on the inner surface of said fifth plate 
approximating the size and shape of said hole in said first 
substrate and being aligned therewith as mounted. 

22. The apparatus of claim 13, wherein said third 
substrate layer includes an etched metal layer supported by 
a suspension system defined by a pattern of slits cut 
through said etched metal layer. 

23. The apparatus of claim 13, wherein said means for 
transmitting force includes a non-conductive stem passing 
through said centrally disposed hole in said first substrate 
layer and in contact with the first surface of said third 
substrate layer proximate the center point of said central 
plate. 

24. The apparatus of claim 13, wherein said means for 
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transmitting force includes a non-conductive pedestal , said 
pedestal having a stem portion passing through said 
centrally disposed hole in said first substrate layer and in 
contact with the first surface of said third substrate layer 
proximate the center point of said central plate , wherein 
said pedestal transmits a force applied to said pedestal to 
said central plate with resulting deflection of said central 
plate as it is suspended. 
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6pacer, said drive plates 
having spaced opposing 
conductive surfaces when said 
pickup plate is mounted 
therebetween, said pickup 
plate further including a 
conductive central plate 
suspended by spring means 
between said drive plates , 
wherein said\central plate is 
capable of defilection between 
the conductive ^surfaces of 
each of said drive plates; and 
ii. means for transmitting force from a 

point remote from said central plate to 
said central portion^ and 
c. means for measuring the outout signal of said 

force sensor and utilizing s*aid output signal to 
control a vertical movement oV said piezo actuated 
head to maintain a constant force on a sample as 
said surface topography is measured. 
26. The apparatus of claim 25, further comprising 
means for applying a downward force to said probe, wherein 
said force sensor measures said force and saiay means for 
measuring the output signal of said force sensois converts 
said output signal during an indentation test. \ 



27. The apparatus of claim 25 , wherein said probe 
comprises a diamond tip. 

The apparatus of claim 25 , wherein said spaced 
opposingsconductive surfaces of said drive plates each have 
a generally\rectangular metalized pattern disposed centrally 
thereon with ah unmetalized perimeter, said metalized 
patterns coincidentally aligned. 

29. The apparatus of claim 28 , further comprising an 
unmetalized portion on the opposing conductive surface of 
said second drive platevapproximating the size and shape of 
said hole in said first drv^ve plate and aligned therewith. 

30. The apparatus of claim 25 , wherein said pickup 
plate includes an etched metal layer supported by a 
suspension system defined by a pattern of slits cut through 
said etched metal layer. 

31. The apparatus of claim 25 , wherein said means for 
transmitting force includes a non-conductive stem passing 
through said centrally disposed hole in said first drive 
plate and in contact with the surface of said pick-up plate 
approximately at a center point of said pick-up plate. 

32. The apparatus of claim 25 , wherein said means for 
transmitting force includes a non-conductive pedestal , said 
pedestal having a stem portion passing through said 
centrally disposed hole in said first drive plate and in 
contact with the surface of said pick-up plate approximately 
at a center point of said central plate , wherein said 
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pedestal transmits a force applied to said pedestal to said 
central plate with resulting deflection of said central 
plate as it is suspended. 

In a scanning tunneling microscope apparatus 
having\a base for mounting a sample thereon and a piezo 

lead having a probe mounted thereon for operative 
>f a sample mounted on said base for measuring a 
surface topography, the improvement comprising: 

a. a probe having a hardness greater than a sample to 
be tested mounted on said piezo actuated head; 

b. a force ^sensor mounted on said base for mounting a 
sample , s&fd force sensor having an output signal , 
wherein saicl force sensor includes, 

i. a first Substrate layer having a metalized 
inner and ^ metalized outer surface, said 
metalized outer surface defining a first 
exterior surface of said sensor element and 
said metalized inner surface including a 
first plate of a first variable capacitor, 
said first plate further having a hole 
centrally disposed therethrough; 

ii. a second substrate layei^ including an 
insulating layer, said sefcond substrate layer 
having an open central portion, said second 
substrate layer further having a first and 
second surface, said first surface mounted in 
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\ planar contact with said inner surface of 
said first substrate layer; 

iii. aNthird substrate layer having a first and 
secimd surface , said first surface mounted in 
planak contact with said second surface of 
said second substrate layer , said third 
substrate^ layer made from a conducting 
material and having a central plate which is 
suspended by spring means; 

iv. a fourth substrate layer including an 
insulating laver, said fourth substrate 
having an open\central portion, said fourth 
substrate layer further having a first and 
second surface, sWd first surface mounted in 
planar contact with said second surface of 
said third substrate layer; 

v. a fifth substrate lArer having a metalized 
inner and a metalizecft outer surface, said 
metalized outer surface defining a second 
exterior surface of said sensor element and 
said metalized inner surface forming a first 
plate of a second variable capacitor, said 
inner surface of said f if tk substrate mounted 
in planar contact with said Isecond surface of 
said fourth substrate; and \ 

vi. means for transmitting force fropi a 
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\ point remote from said central 
plate to said central plate; 
ahd 

c. means f ok measuring the output signal of said 

force sensor and utilizing said output signal to 
control a vertical movement of said piezo actuated 
head to maintarn a constant force on a sample as 
said surface topography is measured. 

34. The apparatus of c^aim 33, further comprising 
means for applying a downward lEorce to said probe, wherein 
said force sensor measures said Vorce and said means for 
measuring the output signal of sam force sensor converts 
said output signal during an indentation test. 

35. The apparatus of claim 33, wherein said probe 
comprises a diamond tip. 

36. The apparatus of claim 33, wherein the inner 
surfaces of said first and said fifth substrate layer each 
have a generally rectangular metalized pattern disposed 
centrally thereon with an unmetalized perimeter, said 
metalized patterns being coincidentally aligned as mounted. 

37. The apparatus of claim 36, further comprising an 
unmetalized portion on the inner surface of said fifth plate 
approximating the size and shape of said hole in said first 
substrate and being aligned therewith as mounted. 

38. The apparatus of claim 33, wherein said third 
substrate layer includes an etched metal layer supported by 
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a suspension system defined by a pattern of slits cut 
through said etched metal layer. 

39. The apparatus of claim 33, wherein said means for 
transmitting force includes a non-conductive stem passing 
through said centrally disposed hole in said first substrate 
layer and in contact with the first surface of said third 
substrate layer proximate the center point of said central 
plate. 

40. The apparatus of claim 33 , wherein said means for 
transmitting force includes a non-conductive pedestal , said 
pedestal having a stem portion passing through said 
centrally disposed hole in said first substrate layer and in 
contact with the first surface of said third substrate layer 
proximate the center point of said central plate , wherein 
said pedestal transmits a force applied to said pedestal to 
said central plate with resulting deflection of said central 
plate as it is suspended. 
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